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ON SECULAR ACCELERATION O F  PERIODICAL 

MOTION O F  COMETS. 

Astronomicheskiy Zhurnal by 
(Astronomical  J o u r n a l )  
pp 3 6 2 - 3 6 8 ,  1 9 4 8 .  A.D. Dubyago 

SUMMARY 

Comparison i s  made i n  t h i s  work between s e c u l a r  v a r i a t i o n s  of 
t h e  mean twenty-four-hour motion and e c c e n t r i c i t y ,  independent  of 
p l a n e t s '  p e r t u r b a t i o n ,  f o r  comet Encke acco rd ing  t o  Asten r e s e a r c h ,  
f o r  comet B i e l a  a cco rd ing  t o  Hepperger 's  r e s e a r c h ,  f o r  comet Brooks 
acco rd ing  t o  a u t h o r ' s  t h e o r y ,  f o r  comet Winnecke acco rd ing  t o  Hae rd t l ' s  
works,  and f o r  comet Wolf accord ing  t o  Kamienski t h e o r y .  

I t  has  been proven ,  t h a t  a longs ide  wi th  s e c u l a r  a c c e l e r a t i o n  
t h e r e  e x i s t s  a s e c u l a r  d e c e l e r a t i o n  of motion,  which i n c i d e n t a l l y  
does n o t  r each  t h e  h igh  values  a t t a i n e d  by t h e  acceleration. 

Hypotheses used  f o r  t h e  e x p l a n a t i o n  of  t h e s e  motion anomalies o f  
p l a n e t s ,  are ques t ioned .  I n  p a r t i c u l a r ,  t h e  r e s u l t s  o b t a i n e d  f o r  
comet Brooks c o n t r a d i c t  t h e  Backlund 's  h y p o t h e s i s  abou t  cornet's 
e n c o u n t e r  w i t h  meteor s t r eams .  
showed t h a t  anomalies  i n  t h e  motion of comets proved t o  be t h e  react ion 
on t h e  masses ejected by t h e  comet 's  body. I f  t h i s  h y p o t h e s i s  i s  
correct ,  t hen  w e  must admit  t h e  e j e c t i o n  by the comet, of n o t  o n l y  
g a s e o u s ,  b u t  a l so  of h a r d  p a r t i c l e s ,  i n  agreement w i t h  B r e d i k h i n ' s  
t h e o r y  about  t h e  ro l e  of comets' anomalous t a i l s .  

I n v e s t i g a t i o n  of Bessel 's  h y p o t h e s i s  

* 
* * 

I n  my a r t i c l e  p u b l i s h e d  s e v e r a l  y e a r s  ago [l], I i n d i c a t e d  t h a t  
the d i g r e s s i o n  from t h e  g r a v i t a t i o n a l  t h e o r y  of t h e  motion of p e r i o -  
d i c a l  comets is, n o t  an  excep t ion ,  b u t  a r u l e .  A c t u a l l y ,  t h i s  w a s  w e l l  
known long  ago,  b u t  seldom s t r e s s e d  i n  such a g e n e r a l  form, probably  
because  t h e  m a t e r i a l  t h a t  could be  used  f o r  a d e t a i l e d  s t u d y  of t h e  
motion of p e r i o d i c a l  comets i s  s t i l l  t o o  s c a r c e .  

I n  f a c t ,  p r e c i s e  c a l c u l a t i o n  of p e r t u r b a t i o n s  are a v a i l a b l e  f o r  
on ly  f e w  p l a n e t s ,  encompassing s u f f i c i e n t  t i m e  i n t e r v a l s  which i s  
n a t u r a l l y  e x p l a i n e d  by t h e  extreme l a b o r - i n p u t  of such a work. U t i l i -  
z i n g  t h e  a l r e a d y  completed i n v e s t i g a t i o n s  about  some w e l l  known comets ,  
l e t  u s  compare h e r e  t h e  r e s u l t s  t h a t  may b e  d e r i v e d  for o u r  o b j e c t i v e .  

Turning o u r  a t t e n t i o n ,  f i r s t  of a l l  t o  comet Encke, w e  have t o  
n o t e  a g a i n  t h e  unusual  d i f f i c u l t y  i n  t h e  c o n s t r u c t i o n  of i t s  t h e o r y ,  of 
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which t h e  c l a s s i c a l  works of A s t e n  and Backlund are evidence .  
P r e c i s e l y  f o r  t h i s  comet t h e  s e c u l a r  a c c e l e r a t i o n  was d i s c o v e r e d  
w i t h  a p e c u l i a r  prominence s h o r t l y  a f t e r  t h e  f i r s t  Encke ' s  compu- 
t a t i o n s  l a t e r  it w a s  e s t a b l i s h e d ,  t h a t  even t h e  o r b i t  e c c e n t r i c i t y  
i s  p r o g r e s s i v e l y  v a r y i n g .  

U n f o r t u n a t e l y ,  Backlund d i d  n o t  l e a v e  any s u f f i c i e n t l y  r e l i a b l e  
d e f i n i t i o n  of e c c e n t r i c i t y  immediately from o b s e r v a t i o n s  (he d e r i v e d  
t h i s  v a r i a t i o n  acco rd ing  t o  his own t h e o r y  through s e c u l a r  accele- 
r a t i o n ) ;  moreover many s i g n i f i c a n t  Backlund ' s  computat ions have neve r  
been p u b l i s h e d  t o  t h e  p r e s e n t  day [ 2 1 .  There fo re ,  w e  have t o  t u r n  t o  
an older memoir by Asten 131, where computat ions t o  o u r  i n t e r e s t  are 
c o n t a i n e d .  

F u r t h e r ,  l e t  us  assume i n  t h e  f i r s t  approximation t h a t  e l emen t s  
of o r b i t s ,  can undergo l i n e a r  v a r i a t i o n  w i t h  t i m e  and moreover l e t  u s  
i n t r o d u c e  t h e  s e c u l a r  a c c e l e r a t i o n  i n t o  t h e  mean anomaly, assuming a t  - 
t h e  s a m e  t i m e  t h a t  i t  can be  expanded i n  series by powers of t i m e  and 
l i m i t i n g  o u r s e l v e s  t o  t h e  cub ic  t e r m .  We t h u s  can w r i t e  t h e  f o l l o w i n g  
formulas  : nr = rlf, +- v. (1 - t o )  4- p' ( I  - t " ) Z  -1- Y'' (/ - -  /JS, 

'f -- ' 2 0  + P f  ( I  - t") ,  . . -  . . . . . . . .  
F r o m  o b s e r v a t i o n s  of Comet Encke between 1 8 1 9  and 1865 ,  a n d  t a k i n g  

i n t o  accoun t  t h e  a c t i o n  of p l a n e t s  from Mercury t o  S a t u r n ,  Asten com- 
pu ted  n o t  on ly  t h e  s e c u l a r  a c c e l e r a t i o n ,  b u t  a l s o  t h e  v a r i a t i o n  of 
e c c e n t r i c i t y .  W e  shou ld  no tp reocupy  o u r s e l v e s  too  much w i t h  t h e  
c r i t i c i sm o f  A s t e n ' s  methods and p a r t i c u l a r l y  of h i s  assumed p l a n e t a r y  
masses; it i s  w e l l  known t h a t  h i s  v a l u e s  of J u p i t e r ' s  and E a r t h ' s  
masses are e r roneous ,  and t h i s  undoubtedly should  r e f l e c t  on t h e  
accuracy  of t h e  q u a n t i t i e s  s ea rched  f o r .  However, t h e r e  i s  a q u e s t i o n  
of such  l a r g e  e f f e c t s ,  t h a t  i n  t h e  aggrega te  t h e  r e l a t ive  e r r o r  i s  
found t o  be i n s i g n i f i c a n t .  

Assuming comet Encke 's  average p e r i o d  f o r  t h e  i n d i c a t e d  t i m e  t o  
be e q u a l  t o  1 2 0 7 . 6  days ,  w e  o b t a i n ,  a f t e r  As ten  (page 9 8 )  t h e  f o l l o w i n g  
v a l u e s  : 

p' = +0~105'1184. *O10301 :!st', 9' = - SrG8O 3- Or150 

which he  denoqes as v a r i a t i o n s  of cor responding  e lements  f o r  one 
r e v o l u t i o n  which i n  o u r  t e r m s  w i l l  be: 

p f  +4:,232".10-0 f 5(jv.10 0 ,  a ' =  -~30/17".10-a -1: 124.10-8- 

Subsequent ly  t h e  s e c u l a r  a c c e l e r a t i o n  of comet Encke, w a s  g r e a t l y  
r educed ,  and i t  can be assumed, t h a t  i t s  v a l u e  does n o t  now r e m a i n  
c o n s t a n t  ove r  t h e  e x t e n t  of a f e w  r e v o l u t i o n s '  of t h e  comet. 

The movements o f  Comet B i e l a  w a s  s t u d i e d  by J. Hepperger [ 4 ] ;  it 
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i s  t r u e  however, t h a t  h i s  r e s e a r c h  w a s  a l s o  l e f t  somewhat incomple te .  
H e  c a l l e d  a t t e n t i o n  t o  t h e  presence  i n  t h i s  comet o f  s e c u l a r  accele- 
r a t i o n  and o f .  e c c e n t r i c i t y  angle  v a r i a t i o n .  

During t h e  p e r i o d  from 1806 t o  1832, when t h e  comet c o n s t i t u t e d  
one whole body, i . e .  b e f o r e  i t s  p a r t i t i o n ,  he found,  by coun t ing  i n  
reverse of t i m e :  

dp= - O:lC,C, * 31, dy = f 15:99 

This  p e r i o d  i s  e q u a l  t o  9824 twenty-four-hours;  t h e r e f o r e  i n  o u r  
d e n o t a t i o n s  w e  s h a l l  o b t a i n  

I have s t u d i e d  t h e  motions of comet Brooks from 1889 t o  1940; t h e  
r e s u l t s  are n o t  y e t  p u b l i s h e d .  Th i s  comet was under  o b s e r v a t i o n  f r o m  - 
1889-1891, 1836-1897, 1903-1904, 1910, 1925, 1932-1933, 1939-1940 and 
1946. 
of which,  h e r  o r b i t  underwent great  p e r t u r b a t i o n s .  I d i d  n o t  succeed 
i n  connec t ing  t h e  appearances  p r i o r  t o  1922 
and it i s  d o u b t f u l  whether  i t  w i l l  be accomplished w i t h  s a t i s f a c t o r y  
p r e c i s i o n .  I t  i s  p o s s i b l e ,  however, t o  examine t h e  comet movements 
s e p a r a t e l y  from 1889 t o  1 9 1 0  and from 1929 up t o  1940, which i n  f a c t  
w a s  a c t u a l l y  done. 

I n  1922 t h e  comet approached J u p i t e r  by 0.08a.u, i n  consequence 

w i t h  t h e  subsequent  ones  

P e r t u r b a t i o n s  w e r e  computed from Venus, E a r t h ,  Mars, J u p i t e r  and 
S a t u r n .  
t o  i n t r o d u c e  i n t o  M a term w i t h  t h e  cube of t i m e ,  a f t e r  which t h e  
f o l l o w i n g  w a s  found: 

F o r  t h e  f i r s t  f o u r  appea rances  of t h e  comet, it w a s  n e c e s s a r y  

For  t h e  occurences  mentioned 14 normal s i tes  w e r e  compiled,  which 
are r e p r e s e n t e d  by t h e  elements  o b t a i n e d  w i t h  an average  error of one 
normal c o o r d i n a t e  +_1.12". Not one d e v i a t i o n  r e a c h e s  2"  , whereupon l e t  
u s  n o t e ,  t h a t  a l l  t h e  normal s i tes  w e r e  assumed w i t h  one and t h e  same 
w e i g h t ,  as it i s  most r a t i o n a l  t o  do i n  such  c a s e s .  

* 
The e l emen t s ,  d e r i v e d  fo r  t h e  appearance of comet Brooks from 

1925 t o  1940, g i v e  f o r  t h e  same q u a n t i t i e s :  

I n  view of t h e  f a c t  t h a t  t h r e e  appearances  w e r e  p r o c e s s e d ,  it was 
n o t  n e c e s s a r y  t o  i n t r o d u c e  here  VI'. The average  error  i n  t h e  normal 
c o o r d i n a t e  f o r  one of t h e  16 normal s i t e s ,  be long ing  t o  t h i s  c y c l e  of 
comet's appearance ,  c o n s t i t u t e d  i1.52". The r e p r e s e n t a t i o n s  are some- 
what i n f e r i o r  t o  t h o s e  of t h e  p rev ious  c a s e ;  however, t h e  g r e a t e r  
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d e v i a t i o n s  f a l l  on e s p e c i a l l y  u n r e l i a b l e  normal s i tes .  

L e t  us compare t h e  o r b i t  e lements  b e f o r e  and a f t e r  g r e a t  p e r -  
t u r b a t i o n s  i n  1 9 2 2 .  

"EPOCH AND OSCULATION 

(1) ( 2  1 
October  1 8 9 6  - 1 1 . 5  Mean B e r l i n  T i m e  October  1 9 3 2  - 3 . 0  U . T .  T i m e  

0 
M 
w 
R 
i 
4 
IJ 

3 5 6 ? 4 3 '  
343.48  ) 

6 . 4  ) 
1 8 . 4  ) 1925.0  

28 .0  
500.0"  

3 5 9 ? 4 '  
195.50  ) 
1 7 7 . 2 1  ) 1 9 2 5 . 0  

5.33 ) 
29.5 

511..2" 

G r e a t  changes i n  w and i2 are s t r i k i n g .  I n  s p i t e  of t h i s ,  t h e  v a l u e  
of p corresponds  t o  bo th  cyc le s  of  occurence .  I n  f a c t ,  1-1' d e c r e a s e s  

. w h i l e  t r a n s i t i n g  f r o m  e lements  I t o  e lements  11, and t h e  minus s i g n  
a t  u t '  shows t h e  same. Of course ,  comparison of  bo th  v a l u e s  of p 1  
w i t h  t h e  h e l p  of  p "  i s  o u t  o f  q u e s t i o n ,  a s  n o t  coun t ing  t h a t  formula 
(1) i s  o n l y  a rough approximation of t h e  t r u e  independence of t i m e ,  
t h e  d e t e r m i n a t i o n  of p "  i t s e l f  rests o n l y  on o n e  o b s e r v a t i o n  of comet 
appearance  i n  1910.  F u r t h e r ,  t h e  e x i s t e n c e  of s e c u l a r  changes of 
e c c e n t r i c i t y  a p p a r e n t l y  should  n o t  be  doubted.  It i s  c h a r a c t e r i s t i c  
t h a t  t h e  a b s o l u t e l y  independent  d e t e r m i n a t i o n  of 4 f o r  bo th  c y c l e s  o f  
comet appearance gave matching v a l u e s  acco rd ing  t o  t h e i r  s i g n ,  b u t ,  
as i n  t h e  c a s e  of  p' , t h e  e f f e c t  was d e c r e a s e d .  

Comet Winnecke be longs  f i r s t  o f  a l l  t o  t h e  group of  w e l l  i n v e s t i -  
g a t e d  o b j e c t s .  For  t h e  f i v e  r e v o l u t i o n s  from 1 8 5 8  t o  1 8 8 6 ,  d u r i n g  
which t i m e  t h e  comet was observed i n  f o u r  occurences ,  E. H a e r d t l  [ 5 ]  
conducted an e l a b o r a t e  d i s c u s s i o n  of o b s e r v a t i o n s  and a d e t a i l e d  
computat ion of p e r t u r b a t i o n s  from a l l  t h e  p l a n e t s  s t a r t i n g  from 
Mercury up t o  Uranus. H e  w a s  a b l e  t o  p r e s e n t  q u i t e  s a t i s f a c t o r i l y  
a l l  t h e  occurences  w i t h o u t  r e s o r t i n g  t o  any p u r e  v a r i a n t  of g r a v i t a -  
t i o n a l  t h e o r y .  A s  a t  t h a t  time t h e  mass of p e r t u r b a t i n g  p l a n e t s  w e r e  
n o t  known w i t h  adequate  accuracy ,  and s i n c e  t h e  p e r t u r b a t i o n  from 
J u p i t e r  were e s p e c i a l l y  g r e a t ,  H a e r d t l  i n t r o d u c e d  i n t o  h i s  c o n d i t i o n a l  
e q u a t i o n s  a c o r r e c t i o n  t o  J u p i t e r  mass a s  an a d d i t i o n a l  unknown, 
a f t e r  which he found 

m = 1 : (1047.1752 f 0 . 0 2 1 0 ) .  

I n  h i s  r e f e r e n c e  abou t  Haerdtl 's  work, E .  Schonfe ld  p o i n t s  o u t  t h a t  
it would be imprudent  t o  g i v e  much c redence  t o  t h e  o b t a i n e d  m a s s ,  
as i s  done by H a e r d t l ,  who i s  guided  by t h e  ave rage  e r r o r ;  Schonfe ld  
s a y s ,  t h a t  t h e  deduc t ion  of p l a n e t  masses f r o m  t h e  p e r t u r b a t i o n ,  t h e y  
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produce i n  comets '  movement could be made p rov ided  t h i s  motion f u l l y  
ag reed  w i t h  t h e  l a w  o f  g r a v i t y ,  o t h e r w i s e  t h e  problem cou ld  h a r d l y  
admit  a r e l i a b l e  s o l u t i o n .  T h i s  op in ion  of Schonfe ld  should  even now, 
be  c o n s i d e r e d  e n t i r e l y  correct,  and i t s  b e s t  conf i rma t ion  i s  t h e  v,a&ue 
v a l u e  of  Mercury m a s s ,  computed a t  d i f f e r e n t  t i m e s  from t h e  t h e o r y  
of comet Encke: t h e y  o s c i l l a t e  w i t h i n  t h e  b r o a d e s t  l i m i t s .  
v a l u e s  o f  comet Encke 's  p e r t u r b a t i o n ,  o b t a i n e d  by H a e r d t l ,  be long  t o  
t h e  f o l l o w i n g  p l a n e t  masses a longs ide  w i t h  which t h e i r  contemporary 
v a l u e s  are compiled [ 6 1 :  

The f i n a l  

Haerdt 1 N e w  V a l u e s  
Mercury ................. 1 : 5 2 0 5 0 0 0  . . . . . . . . . . . . . . . . . ; .1 :7000000 
Venus ...................l : 4 1 2 1 5 0  . . . . . . . . . . . . . . . . . . . 1 : 4 0 6 5 0 0  
E a r t h  ................... 1 : 3 2 2 8 8 3  . . . . . . . . . . . . . . . . . . . 1 : 3 3 0 0 0 0  
Mars . . . . . . . . . . . . . . . . . . . . 1 : 3 0 9 3 5 0 0  . . . . . . . . . . . . . . . . . . . 1 : 3 0 9 3 5 0 0  
J u p i t e r  ................. 1 : 1 0 4 7 . 1 7 5 2  .................1:1047.35 

Uranus .................. 1 : 2 2 0 0 0  . . . . . . . . . . . . . . . . . . .1 :22869 
S a t u r n  .................. 1 : 3 5 0 1 . 6  . . . . . . . . . . . . . . . . . . . 1 : 3 5 0 0  

The d i f f e r e n c e  i n  J u p i t e r ' s  m a s s  shou ld  be s p e c i a l l y  no ted .  The 
m a s s  found by H a e r d t l ,  i s  undoubtedly t o o  g r e a t .  
J u p i t e r  m a s s ,  d e r i v e d  by de S i t t e r  i n  1 9 3 8  i s  1 : 1 0 4 7 . 4 0 ,  i . e .  
s t i l l  s m a l l e r  t h a n  t h e  N e w c o m  va lue  admi t t ed  i n  

The l a s t  v a l u e  of  
it i s  

[ 6 ] .  

However, it i s  q u i t e  p o s s i b l e  t o  b r i n g  t h e  H a e r d t l  p e r t u r b a t i o n s  
I o b t a i n e d  1 2  normal t o  t h e  contemporary system of p l a n e t a r y  masses. 

H a k r d t l  s p o t s  f o r  c o r r e c t i o n  t o  p e r t u r b a t i o n s  from a l l  p l a n e t s  ( b e s i d e s  
Mars, f o r  which even now t h e  same m a s s  i s  assumed as i n  H a e r d t l ) .  
C o r r e c t i o n s  of e lement  p e r t u r b a t i o n s  w e r e  t ransformed i n t o  c o r r e c t i o n s  
of g e o c e n t r i c a l  c o o r d i n a t e s ,  a f t e r  which i t  w a s  r e v e a l e d ,  a s  shou ld  
have been expec ted ,  t h a t  t h e  good r e p r e s e n t a t i o n  of o b s e r v a t i o n s  by 
H a e r d t l ' s  t heo ry  w a s  e n t i r e l y  due t o  J u p i t e r  mass admi t t ed  by him, 
w h i l e  f o r  a contemporary v a l u e  of t h e  l a t t e r  t h e r e  s t i l l  r ema in  de- 
p a r t u r e s  from t h e  observed  p o r t i o n s  of  t h e  comet by t e n s  of seconds 
of arc.  

I n  o r d e r  t o  correct t h e  o r b i t ,  H a e r d t l  composed 2 4  c o n d i t i o n a l  
e q u a t i o n s .  C o e f f i c i e n t s  f o r  t h e  unknown p 1  and w e r e  a d d i t i o n a l l y  
computed by m e ,  and then  t h e  ent i re  system of e q u a t i o n s  w a s  r e s o l v e d  
anew, which gave t h e  fo l lowing  f i n a l  e lements  of Winnecke comet, 
s u s c e p t i b l e  t o  r e p l a c e  t h o s e  of H a e r d t l :  * 

EPOCH AND OSCULATION - 

Mean B e r l i n  Time - 1 1 . 0 ,  March 1 8 7 5  

MO 

R 
i 
4 

v 1  

ll 

v 

3 5 9 Z 4 8 '  1 6 . 0 4 "  
2 7 6 . 4 1  5 4 . 0 4  ) 
111.33 3 8 . 1 7  ) 1 8 8 0 . 0  

1 1 . 1 7  5 . 7 2  ) 
4 7 . 4 8  5 9 . 2 4  

6 1 9 . 5 8 5 0 1 2 "  
- 2 1 2 - 1 0 - 9  f 2 ~ 1 0 - 6  
-193 .10 -6  + 1 7 7 * 1 0 - 9  
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The  average  e r r o r  of one normal c o o r d i n a t e  w a s  o b t a i n e d  
e q u a l  t o  k 4.86".  T h i s  q u a n t i t y  i s  ra ther  g rea t ,  t h e  d e p a r t u r e s  
themselves ,  p a r t i c u l a r l y  those a long  d e c l i n a t i o n s ,  w e r e  n o t  v e r y  
s a t i s f a c t o r y ;  b u t  a t  any r a t e ,  t h e  agreement i n  normal s p o t s  are 
burdened by n o t a b l e  obse rva t ion  e r r o r s .  

The  work of C. H i l l e b r a n d  [ 7 ]  abou t  t h e  appearance of Comet 
Winnecke i n  1892, u n f o r t u n a t e l y  w a s  n o t  t aken  advantage  of .  I n  
t h i s  work s u b s t a n t i a l  d e f i c i e n c i e s  w e r e  found,  such as p e r t u r b a t i o n s  
d u r i n g  t h e  p e r i o d  of comet ' s  v i s i b i l i t y  were n o t  accounted  f o r  
a l though  t h e s e  p e r t u r b a t i o n s ,  from t h e  E a r t h  i n  p a r t i c u l a r ,  are 
n o t i c e a b l e  enough and t h e n  t h e r e  are p l a i n  c a l c u l a t i n g  errors, t h e  
i n f l u e n c e  of which i s  ha rd  t o  e l i m i n a t e .  All t h i s  w a s  revealed 
d u r i n g  a more thorough review of H i l l e b r a n d ' s  a r t ic le .  

The p r o c e s s i n g  of f i v e  appearances  of Wol f f ' s  p e r i o d i c a l  comet 
from 1884 up t o  1 9 1 9 ,  was done by Kamienski. H e  took i n t o  cons i -  
d e r a t i o n  t h e  p e r t u r b a t i o n  of a l l  comets f r o m  Venus t o  Uranus,  and  
compiled f i f t y  normal s p o t s .  
t h e  g r a v i t a t i o n a l  theory :  t h e  d i g r e s s i o n  of normal s p o t s  r eaches  15" 
and has  a s h a r p  s y s t e m a t i c  c h a r a c t e r .  
work, Kamienski [81 computes for each  p a i r  of comet 's  a d j a c e n t  
appearance h i s  own element  system and he detects by means of t h i s  
method t h e  s e c u l a r  v a r i a t i o n s  of e l emen t s  R ,  T ,  i p (n  - i n  Kamienski 's  
d e n o t a t i o n s )  ; as t o  $, no s u b s t a n t i a l  v a r i a t i o n s  were a p p a r e n t  f o r  
t h i s  e lement .  The q u a n t i t y  denoted by u s  as p', e q u a l s  acco rd ing  t o  
Kamienski, t o  - 21*10-8". 

Here a g a i n ,  t h e  motion does n o t  s a t i s f y  

I n  t h e  second p a r t  of h i s  

. 

W e  r e a c h  t h e  f o l l o w i n g  conc lus ions :  

1. For none of s h o r t  p e r i o d i c a l  comets cons ide red  by  us  does  
t h e  motion agree w i t h  t h e  theory  c o n s t u c t e d  on t h e  basis  of t h e  
Un ive r sa l  g r a v i t a t i o n  l a w .  

2. I t  became known a f t e r  Kamienski ' s  work and p r e s e n t l y  s o l i d l y  
e s t a b l i s h e d  t h a t  bo th  t h e  s e c u l a r  a c c e l e r a t i o n  and t h e  s e c u l a r  dece- 
l e r a t i o n  e x i s t  f o r  comet motion. 
takes  s e r i o u s l y  t h e  Olbers-Encke h y p o t h e s i s  about  r e s i s t i n g  medium, t h e  
v e r y  f a c t  of motion d e c e l e r a t i o n  a l r e a d y  speaks  a g a i n s t  it d i r e c t l y ,  
and a t  t h e  same t i m e  a l s o  a g a i n s t  t h e  e x p l a n a t i o n  of a l l  anomalies  i n  
comets' motion by l i g h t  p r e s s u r e  of t h e  Sun. 

Although a t  p r e s e n t  h a r d l y  anyone 

3 .  The s e c u l a r  a c c e l e r a t i o n  of Brooks comet e x i s t e d  from 1889 
through 1 9 1 0 ,  and a l so  from 1925 t o  1 9 4 0 ,  though i n  1 9 2 2  t h e  o r b i t  
d i s p o s i t i o n  i n  space  changed s t r o n g l y .  

Backlund assumed t h a t  t h e  cause of  Encke comet ' s  s e c u l a r  accele- 
r a t i o n  c o n s i s t e d  i n  comet ' s  c o l l i s i o n s  w i t h  p a r t i c l e s  of meteor s w a r m  
i m p a r t i n g  it an  a d d i t i o n a l  impulse.  
v a l i d  f o r  t h e  Brooks comet, fo r  a f t e r  i t s  o r b i t  p o s i t i o n  changed, it 
cou ld  n o t ,  g e n e r a l l y  speaking ,  meet w i t h  t h e  ve ry  same meteor  s t r e a m .  

But t h i s  e x p l a n a t i o n  i s  h a r d l y  
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4 .  Although t h e  number of o u r  o b j e c t s  i s  v e r y  s m a l l ,  it 
may b e  seen  f r o m  t h e  fo l lowing  coxpa r i son  t h a t  t h e  v a l u e s  of s e c u l a r  
a c c e l e r a t i o n  are much g r e a t e r  t h a n  t h e  co r re spond ing  v a l u e s  of 
d e c e l e r a t i o n  and t h i s  i s  probably a g e n e r a l  r u l e  ( f o r  n o  one has  
d e t e c t e d  t o  d a t e  any motion d e c e l e r a t i o n  i n  any comet) .  W e  have 

I 109 1 0 6  
1J 4 

Comet Encke 1 8 1 9 - 1 8 6 5  . . . . . . 1 0 7 3 . 9 "  57T49' + 4 3 2 3 2 " -  3 0 4 7 "  
It  B i e l a  1 8 0 6 - 1 8 3 2  ...... 5 3 0 . 6  4 8  2 8  + 7 3 4 5  - 1 6 2 7  

1 9 2 5 - 1 9 4 0  ...... 5 1 1 . 2  2 9  5 + 3 8 7 6  - 1 4 0 8  

( ? )  

I' Brooks 1 8 8 9 - 1 9 1 0  ...... 5 0 0 . 0  2 8  0 + 5 3 9 1  - 1 7 3 4  

'I Winnecke 1 8 5 8 - 1 8 8 6  ...... 6 1 9 . 6  47  42 - 2 1 2  - 1 9 3  ( ? )  

11 II 

Wolff 1 8 8 4 - 1 9 1 9  ...... 5 2 0 . 1  33 49  - 2 1 0  

Nothing s p e c i f i c  can be s a i d  about  e c c e n t r i c i t y  v a r i a t i o n s  f o r  
comets Winnecke and Wolf, b u t  f o r  Encke and Brooks comets,  and, 
a p p a r e n t l y  f o r  t h e  B i e l a  comet, t h e s e  v a r i a t i o n s  are n o t  s u b j e c t  t o  
doubt :  t h e i r  average  error  i s  many t i m e s  s m a l l e r  t han  t h e  o b t a i n e d  
v a l u e s  of 4 '  . 

1 An unknown f o r c e  inducing  s e c u l a r  p e r t u r b a t i o n s  i n  1~ and @ may 
be  conce ived  as broken down i n t o  components i n  a s t a n d a r d  system of 
mobile  c o o r d i n a t e s ,  and namely: i n t o  components S a long  t h e  r a d i u s -  
v e c t o r  and T p e r p e n d i c u l a r l y  t o  it i n  t h e  o r b i t  p l a n e  ( t h e  t h i r d  com- 
ponent  W does n o t  p e r t u r b  9 and p). The l e a s t  thought  shou ld  be 
g iven  t h e  i d e a  t h a t  1~ and 4 vary uni formly;  i n  r e a l i t y ,  t h e  o b t a i n e d  
v a l u e s  $ and re fer  by t h e  very p o i n t  t o  a f u l l  r e v o l u t i o n  p e r i o d  of 
c r > m e t  U and they  are g iven  for  2 4  hour s  on ly  for t h e  sake  of  convenience.  
Applying t h e  w e l l  known formula of o r b i t  elements' p e r t u r b a t i o n s ,  w e  
may w r i t e  

. 

# 1 d!A 
I n  t h i s  .last formula ,  w e  assume = y a < t  as t h i s  fo l lows  forrr 
We s h a l l m a k e  t h e  u s u a l  assumption t h a t  p e r t u r b a t i o n s  t a k e  p l a c e  (1) 1 ,  

o n l y  i n  t h e  d i r e c t  v i c i n i t y  of t h e  p e r i h e l i o n  of comet ' s  o r b i t ,  and 
i n  accordance  wi th  t h i s  w e  s h a l l  p o s t u l a t e  s i n  v = 
r = a (1 - s i n  $ 1 .  W e  s h a l l  have 

, cos v = c -s E = 1, 
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where 6 t  i s  t h e  i n t e g r a l  of time, d u r i n g  which p e r t u r b a t i o n s  act ,  
whence 

I t  i s  easy  t o  see t h a t  w i t h  o u r  assumptions q = CY (1 - s i n  4 )  
remains i n v a r i a b l e ,  s i n c e  t h e  f o r c e  T w i l l  n o t  a f f e c t  t h e  p o s i t i o n  
of t h e  p e r i h e l i o n  p o i n t ;  hence t h e  l a s t  formula i s  o b t a i n e d  e a s i l y  
f o r  t h e  comets ,Encke, B i e l a  and Brooks.  The r a t i o s  /ut , computed 
w i t h  t h e  a i d  of ( 4 )  and found d i r e c t l y  by t h e  observed  p' and 4 '  , 
w i l l  be: 

$' /d comp. @' /u' observed  ..... C o m e t  Encke 1819-1865  7 4  ...... 7 0  
I' B i e l a  1806-1.832 ..... 262  ...... 222 

Brooks 1889-1910  ..... 330 ...... 322 
1925-1940  ..... 3 1 7  ...... 363  II II 

The observed and computed q u a n t i t i e s  c o i n c i d e  w i t h i n  the p r e c i s i o n  
l i m i t  of d e t e r m i n a t i o n  of 1.1' and 
t h e  comet Encke. Now t h i s  h a s  been confirmed a l s o  f o r  t h e  comets 
Brooks and B i e l a .  

, which w a s  r e v e a l e d  by Asten f o r  

. I n  1 8 3 6 ,  Bessel e x p r e s s e d  a h y p o t h e s i s ,  whereby t h e  s e c u l a r  
a c c e l e r a t i o n  of comets i s  due t o  t h e  s imple  c a s e ,  t h a t  eve ry  e j e c t i o n  
by t h e  comet of a p a r t . o f  i t s  mass, produces a r e v e r s e  a c t i o n  n e c e s s a r y  
f o r  t h e  e j e c t i o n  f o r c e .  T h a t  comets e ject  p a r t  of t h e i r  subs t ance  
w h i l e  approaching Sun i s  a t r i v i a l  f a c t ,  b u t  it i s  much h a r d e r  t o  
de te rmine  t h e  d i r e c t i o n  of t h i s  e j e c t i o n  r e l a t i v e  t o  r a d i u s - v e c t o r .  
It  is  p o s s i b l e  t o  presume t h a t  it does n o t  p a s s  e x a c t l y  through t h e  
Sun, b u t  d e v i a t e s  s l i g h t l y  from t h e  r a d i u s - v e c t o r  t o  e i t h e r  s i d e :  
t h e r e f o r e  t h e r e  shou ld  e x i s t  a component T of t h e  p e r t u r b i n g  a c c e l e r a t i o n  
w i t h  e i t h e r  s igns  

L e t  u s  assume, t h a t  d u r i n g  t h e  t i m e  6 t  ac t ion  of t h e  p e r t u r b i n g  
f o r c e  t h e  comet loses a mass 6m e j e c t e d  w i t h  a v e l o c i t y  E, I f  t h e  
mass m of t h e  comet (which may fundamentaly be c o n s i d e r e d  as t h e  m a s s  
of t h c n u c l e u s )  , w e  s h a l l  o b t a i n  f o r  t h e  component i n  a g iven  c a s e  due 
t o  r e a c t i o n  f o r c e s  a p p l i e d  t o  comet 's  n u c l e u s .  

where v t  i s  t h e  p r o j e c t i o n  of t h e  e j e c t i o n  ve . loc i ty  y. on t h e  a x i s ,  
p e r p e n d i c u l a r  t o  r a d i u s - v e c t o r ,  w e  c o n s i d e r  a s  p p s i t i v e  i n  t h e  d i r e c t i o n  
o f  comet's a c t i o n  i n  accordance w i t h  t h e  d e f i n i t k o n  of symbol T. 
Formula ( 5 )  shows t h a t  t h e r e  w i l l  be no v a r i a t i o n  i n  t h e  t o t a l  q u a n t i t y  
of motion d u r i n g  t h e  e j e c t i o n  by t h e  comet of p a r t  of i t s  mass. 
Hence w e  s h a l l  have: 

r . l?Il l  y$l=.= - - - 
P I 1  ' 



. 
which could  be s u b s t i t u t e d  i n  ( 3 ) :  

L e t  u s  de te rmine  t h e  unknown combination of q u a n t i t i e s  'e : 
t t b  

where k i s  a Gauss' c o n s t a n t  i n  seconds of a rc ,  o r ,  i f  w e  c o n s i d e r  
t h e  v e l o c i t y ,  n o t  i n  A . U .  dur ing  t h e  2 4  h o u r s ,  b u t  i n  km/sec ( i n t r o -  
duc ing  t h e  m u l t i p l i e r  1732) .  

. S u b s t i t u t i n g  h e r e  t h e  cor responding  q u a n t i t i e s ,  w e  have ,  f o r  o u r  
i n v e s t i g a t e d  comets : 

C o m e t  Encke ....................... 1 8 7  2 6 2  1 4  
B i e l a  ....................... 135 54 4 .. ............ Brooks 1889-1910 1 7 4  52 3 

1925-19 40 ............ 118 47  4 
Winnecke 3 . 1  1 . 5  5 
Wolf 5 . 6  2 . 8  5 

I1 
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I' 
.................... ......................... 

Two r e v o l u t i o n s  of 1910-1925 w e r e  alsc t aken  i n t o  account  f o r  t h e  
Brooks'  comet and ,  acco rd ing  t o  s t i l l  unpubl i shed  computat ions by t h e  . 

a u t h o r ,  t h e  v a l u e  cor responding  t o  t h e  second p e r i o d  of o b s e r v a t i o n s ,  
w a s  t aken  f o r  them. 

. 
I f  we t a k e  fo r  v t  a q u a n t i t y  somewhat lower t h a n  t h e  thermal  

v e l o c i t i e s  of gas molecu le s ,  for example, approximate ly  0 . 2  km/sec, t h e  
comet m a s s  losses r e a c h  magni tu tes  from 0 . 3 %  ( B i e l a  comet) t o  1% (Encke 
comet) of t h e  t o t a l  nuc leus  mass. Thus, t o  c o n s i d e r  t h a t  e j e c t e d  are 
on ly  t h e  g a s e s  desorbed  by comet n u c l e u s '  lumps, i s  i m p o s s i b l e ,  f o r  
t h e  e n t i r e  r e s e r v e  o f  t h e s e  gases  could  n o t  r e a c h  such  a g r e a t  f r a c t i o n  
of comet ' s  t o t a l  mass. 

According t o  B.A.  Vorontsov-Vel!yaminov [9 ]  i n v e s t i g a t i o n s  of 
comet ' s  mass and t h e  s t r u c t u r e  of comet n u c l e u s ,  t h e  l o g a r i t h m  of t h e  
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number of i o n i z e d  molecules  C; ,  be ing  l o s t  by comet G a l l e a  d u r i n g  
one r e v o l u t i o n ,  is :  

l o g  Mt = 35.23,  

whereupon t h e  l o s s  of these molecules  p l a y s  a dominant r o l e  i n  t h e  
t o t a l  g a s  loss. Mul t ip ly ing  by t h e  molecu la r  weight  C 2 ,  e q u a l  t o  
2 4 ,  and by p r o t o n ' s  mass 1.66*10'24 g ,  w e  o b t a i n  t h e  loss  of comet's 
mass 6m = 6 . 8 0 1 0 ~ ~  g ,  which shou ld  be  compared w i t h  t h e  t o t a l  mass m 
of t h i s  comet's n u c l e u s ,  which Vorontsov-Vel'yaminov assumes t o  be  
e q u a l  t o  311019 g .  

- 
This  g i v e s :  

l o 6  3 = 0 . 2 3  
m 

None of  t h e  admissions i n  r e s p e c t  t o  v e l o c i t y  vt  n o t  c o n t r a -  
d i c t o r y  t o  common s e n s e ,  n o r  t h e  r a t h e r  s u b s t a n t i a l  u n c e r t a i n t y  of 
Vorontsov-Vel 'yaminov's e s t i m a t e s  can  b r i n g  t h i s  v a l u e  i n t o  an agree-  

ment  w i t h  o u r  d e t e r m i n a t i o n s  c , ~ , ~ ,  , g i v i n g  numbers many t i m e s  g r e a t e r .  

W e  conc lude ,  t h a t  if Bessel's hypo thes i s  about  t h e  reason  of s e c u l a r  
a c c e l e r a t i o n  i s  g e n e r a l l y  c o r r e c t ,  t hen  t h e  q u e s t i o n  shou ld  n o t  be 
of t h e  gaseous - l ike  e j e c t i o n s ,  b u t  of t h e  ha rd  p a r t i c l e s  of comet ' s  
n u c l e u s .  I n  t h i s  r e s p e c t  one  may r e c a l l  t h e  i d e a ,  m o r e  than  once 
advanced by F . A .  B red ikh in ,  t h a t  anomalous comet t a i l s  are ev idence  
o f ' t h e  fo rma t ion  p r o c e s s  from a comet of meteor  series i n  t h e  e j e c t i o n  
p r o c e s s  o f  h a r d  p a r t i c l e s  , t ha t  h a s  become v i s i b l e .  

i l l 1  

T o  a s c e r t a i n  how such an  e j e c t i o n  can t a k e  p l a c e  and whether  o r  
n o t ,  as B r i d i k h i n  supposed, t h e  comet-e jec ted  g a s e s  could  c a r r y  a long  
t h e  h a r d  p a r t i c l e s  i n  s u f f i c i e n t  numer and w i t h  adequate  v o l o c i t y ,  and 
i n  p a r t i c u l a r ,  where t h e  necessa ry  energy f o r  t h i s  comes from, i s  a 
q u e s t i o n  of f u t u r e .  I t  i s  p o s s i b l e ,  t h a t  such a r e s e a r c h  can a l so  
throw a r a y  of  l i g h t  on t h e  n a t u r e  of s e c u l a r  a c c e l e r a t i o n s  of comets 
which u n t i l  now i s  s t i l l  v e r y  vague. 

F i z iko - t ekhn ichesk iy  i n s t i t u t  
Kazanskogo f i l i a l a  AN S S R .  

*** THE END ***  

' Tra 'ns la ted  by 
L.D.Fedine - March 15 ,  3.968 

ALB/ldf 

Revised by 
D r .  Andre L.  B r i c h a n t  
March 1 5 ,  1 9 6 8 .  
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